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ROBOCAL: GAMMA-RAY ISOTOPIC HARDWARE/SOFTWARE INTERFACE

J.R. Hurd, C.4. Bonner, C,A, Ostenak, R.E. Morrison, and H.C. Staley
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

J.G. ~lelssner, T.W. Coressel, and D.C. Yee
Rockwell International, Rocky Flats Plant.

Golden, ColoradG 80402

ROBOCM.+,presently being developed at the Los
Alamos Nat~onal Laboratory, 1s a full-scale
prototypical robotic system for remotely
performing calorlmetr~c and gamma-ray lsotoplcs
measurements of nuclear materials. It features a
fully automated vertical stacker-retriever for
s~orlng and retr~evxng packaged nuclear materials
from a multl-drawer system, and a fully automated,
un~quely integrated gantry robot for programmable
selectlon and transfer of nuclear materials to
calorimetric and garrraa-raylsotnpl: measurement
stations. Since I?OBOCALis to require almost ncl
operator lnterventlon, a mechanical control system
is required In addjt~on to a totally automated
●ssay system. The assay system must be a
completely integrated d~ta acqu~sltion and
lsotopls analysxs package fully capable of
perfonrrlnq state-of-the-art homogeneous and
heterogeneous analyses on many varied matrices,
The TPIFID assay system being discussed at th~s
conference by J G, Fle~ssner of the Rocky Flats
Plant has been adopted berause of lt~ many
●tit2matedfeetures. These Include: HCAAD7 setup
and acqu~sltiof,, spert.ra] storage arid analysis
ut;lxzing an expert system fornrallsm: repor?
generation wltt, Int*mal measuremerlt C(lntl”l-;
printout, user friendly s:reens and menus The
mechanical contr(l ~rJr~.lr)T, (.-)rlrif-~.s ~:imdrlly Or
two detect;r platforms and a sam~i~ ~jiatf(:rm, sal-1,
with ~nd?perlderlt frw~’emerit Some mlnol
m~,d~f~cat~ons ~d ~d(j~tl~n! ~1~ nec~~~ WIt)i ~~~~[
t(” interfa~e the assay an‘! me(.l,,irl~~a]pclrt;f,f,!
Wlttlthe Clrm ‘“ 40(%- scfTwarP .c)r]?t :lirlu tfl-

r~ljl ‘t.
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role in nuclear materials processing a+
safeguards at Che Los Alamos Plutonium Facility.
Prompt, high-quality NDAmeasurements are needed
to monitor and control the movement, processing,
and storage of nuclear materials and to detect
their ❑isplacement or unauthorized use.
Currently, NDA measurements are performed
‘hands-on” resultlng xn chronically high personnel
radlatlon exposures despite various admxnlstratlve
and engineered radlatlcm controls. t40reover, we
are ●xperiencing a steady increase in demand for
NDA measurements, especially calormetr:c and
gamma-ray lsotop:cs assay), resulting in still
higher personnel radiation exposures. These
increased nleasurementdemands are now exceeding
capacity b~’factors @f :WO or more which suggests
at least doubl~ng the present number of
calorimeters and gamma-ray lsotoplcs Instruments.
Alternatively, the capacity of the exlstzng
instruments could be increased by adoptlnq a 2-3
shifts per day, 7-day work week. E~ther of these
●pproaches would result in yet higher radiat~an
exposures for the countroom technicians.

ln order to solve both the exposure and
increased measurement demand problems
slmultane~usly, as Weil aS minlmlze personnel
access to nuclear materials, “ROBOCAL”, a ~~tic
g~orlmetry System, IS being developed at the Los
Alam:Js National Laboratory, ROBOCAL 1S a
full-scale prctot~lcal robotic system for
remctely perfonn~ng calorlmetr~c and gamma-ray
lsctaplcs measurement of nuclear materials,
)rlginatinq In i907, ROBOCAL iS presently
mdergclng test~nq and evaluation in Room 38 of
the P~-4 basement at the Los Alamos Flutonlum
!acll~ty and lS scheduled for full oparatlon later
tillscalendaix year ROB13CAL features a fully
]~tomateclvertical stacker-retr~ever for storing
uid retrlev;ng packa~?d nuclear materials from a
multi-drawer system consisting of 144 item
,,:]eatlons,and a fully automated, Uniquely
,nte9r~t.edgant~ rub-t frr programmable selection
md t.rmsfe: ,! pac},ag-.!nurleax mat?rlals frcm
.)1?11drawers to NDA measurement statl>ns
~m}tis::,g f~w on-l]r,e cal~.rimvters and tw(
m-line gamma-ray 15-t:q3~cs instruments SPP

lVUI?! : and :
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controller. Because ROBOCAL is to be totally
automated, the isotopics lnstmment. rec+fulresa
mechanical control system in addition to a totally
automated assay system. The primary reqwrement
for the assay system is that it be a completely
Integrated data-acquisition and lsotoplc analysls
package fully capakle of performing
state-of-the-art homogeneous and heterogeneous
analyses on many different matrices.J At present,
an Ideal device for the au’iomated assay system
would appear to be the TRI~IDIEPICS (~ansuranlc
~sotoplc ~ractlon ~nterrogatlon Qevlce I @hanced
~lutonlum ~sotoplcs -g” ~of?ware) system?
scheduled for presentation at this conference by
J.G. Flelssner of the Rocky Flats Plant (RFP).
For ●xample, some of the automated features of
TRXFIZIInclude tiCAADC (~ultlghannel @alyzer /
&nalog to Qlgltal ~onve.mer) setup and
acquisition, spectral storage, lsotoplc analysls,
and report generation. Further, the TRIFID design
●ven penalts It to be programed such that an
●ntire day’s counting can be done with absolutely
no operator xnterventlon. In addlt~on, the
Isatoplc analysls program has an ●xpert system
fonnallsm used to detect and assay for spectral
lnterferen:e~, and t~ aut3matlcally ad]ust peak
fitting :onstra~nts based on spectral lntenslty
varlatlcns. Thus, the necessity for operator
intervention to sw~tch analysls files 1s
essentially obviated’ The entire software package
was developed in tie C language thus render~ng It
very versatile. For ●ase of operation and
tralnlng, extensive use was made of user frlerld:y
screens and menus. The system has Froved Itself
In a Froductlon mode at RFF s~n:e September, 198P
Harked decreases in traln~ng and ‘hands-on”
operation time were noted when compared w~th
Ere;eedinq systems.’



ISOCOI)Eprogram:
(1) Inform the ISOCODE program, executing on the
Compaq 386/20, that a sample for measurement
is on the platform and start the
acqulsltlon cycle
(2) Direct the ISOCOI)E program to ●nable the
keyboard. This Will permit an operator to

~nteract dlrectl.y w~th TRIFID in order to,
e.g., change setup parameters. When the QUIT
option from the TRIFID menu 1s selected,
the keyboard WI1l again be disabled and
contrGl w1ll be returned to the master
(3) Request the status of tne gamma lsotoplc
system, Including the existence of ●rrors
(4) Dlrert Lhe program to stop the current run.
If there 1s no current m.n, no action
will be @en.
The isocode program can, in turn, send the results
of the analysls (see Table 1), as well as an error
message If the transmission Isn’t received, back
to the master program res~d~ng on the central
computer. These results can then be incrtedlately
viewed by the operator and are automatically
arch~ved on a user-friendly, versatile data-base
system (ABASE The spectral data are permanently
stare3 at the Compaq on removable Bemoulll
Cartridges.

Al? messages sent to or from the master
program are Irl the format spe:.,f~ed In the
communlcatlcriprotoccl document~ by Hartln Kellogg
of the Los Alamcs Nqtlonal Laboratory. Some of
the features of this protcxal wtilch apply here are
now descr~bed, First, all lnfonnatlon Is
transferred In prlnwble ASCII characters. This
allow$ a non-lntelllgtinttennlnal to be hooked to
the sc~lal l~ne fcr debuggin9. All numbers are
fcm-itted in prlatable characters (u~,Jally

derlma;, but p~ssltly some ether base when more
compac:n~ss 1S deblrej fur transmission. &a~~,

~?xi c~lara:.’ter has 7 data bits. The 8~~ b~t is

tr~’,smitted as ar, everl par]ty b]t, ard is
by th~ re;elvel

checked
There lS one star? b;t and one

st3~ hi: Tt)~k~t rate 1: P,ardware(cr scftwa:e,
select&le, It may rang~ from X+@ tc 1920@ bit:
p?[ se~:)n~!. Next, messages arc varlti;t. In
length, up t: s>me max~mwn, This allows sh~rt
messages for a:hlr,wledgme”,t ~d longer messages
for tra.srnisslon of assay results. Hessages
]Jllger ti,,sr,th( maximum ~;~ segmented lnt(
multlple m(!ssages, ●actl of Which Is sent and
acP~10wled9(!dseparately All messages begin wlttl
a Syn’: chaia~tex (( ‘“left brace”) and are
termlrldtedwlttla ~“drrlag~,r*tlJrrland llf)efee-!



Any characters preceding the sync character or
following L>e line feed are ignored. Each message
contains the current date and time in case the y
●re logged to some device. Further, ●ach message
contains a message tag, which indicates the
message type (see Table 2). The receiver
detenmlnes from the tag tie content and format of
the message. Some messa~es, such as acknowledge,
may have no content.

Several feature= are incorporated for
checking the correctness of messages. Each
❑essaqe contains a b~e count after the sync
character; this count can be used to check
message ler.gth. Followng the message content,
there is a cl:ecksum preceding the CR/LF. The
checksum IS a longitudinal sum of the message
characters; the receiver verlfles that the message
characters actually received sum to the same
result. lies5age hsndsha.k~ng allows for
retranssussion of messages when necessaxy. The
receiver acknowledges correct receipt of a message
or asks for retransm~sslon If a message is not
received correctly. If the sender receives n~
respmse within a speclfled t~me, the message 1s
retransmltred up tc a max~mum of fave times at
which point the commun~catlon software signals an
error. In add]tlon, as an eXLenSlon to the
protosol, if ci)eof the Erograms detects that the
conmunlc~tlons h~s failed or lts synchronization
is lost, It w1ll send a NM message to the other
computer tcllnd]cate the 10ss, This lndlcates
that ~?-h programs are to star% with
retransmlsslm of the messaqe sequence from the
inltlal “R”’message. As mentioned before, If a
commvfilcatlonor central computer failure occurs,
tie Isutoplcs xnstrbment can be taken off-lxne
where lt doe: not require the llnk with the

central computer. It can be operated In a
Sta”,d-alcne mode aridw1ll log Lhe ~ld~)’~1~result:
ontz the disk and printer. In fact, Mls mod~
wlil h+ ●nt.-:ed aut~ma!]ca]ly wheri the Instrument
detect: 1sss :f commur,lcatlor.,~~lt may slm)larly
be elt)ler mwlual or aut-dndti:.



information w1ll be fixed length ASCII strinO -
separated by semicolons, All strings will be
right padded with blanks if their length is
shorter than the given field length.

The mechanical control portion of the gamma
Isotopic measurement statian consists primarily of
an instrument cabinet, two detector platforms and
a sample platform (see figure 3). Each platfor,n
is a stand-alone mechanical apparatus Mat acts
independently cf tht other platforms. The
detector platfonms can move 31 inches along an
axis ●ither toward or away from the -Ie
platform and are controlled by two Anaheim
Automation DPF-76 3-AXIS motor controllers,
communicating with the Compaq vxa a serial port,
and two ~ahexm Automation 34D311 stepper 8otGrs.
The driver routines for the controllers ●re
written in the C language and can be called by the
ISOCODE software as needed. In addition, failsafe
hard lxmit witches are provided to prevent
damaging mcvement. If the hard limit switch is
actuated, power is removed from the motor and w1ll
not be restored unless a move is requested in the
oppcslte dlrectlon. One of the detector platforms
has a secon~ stepper motor that controls a stepped
wed~e cofitalnlnq five Posltlons of 32 m:l
increments of cadm:um wrilcli can be mcved in front
of the LEPS detector to provide necessary
absorption of low-ener~ gamma and x-rays. The
sam~le platform IS controlled by two stepper
motors and llmlt sw]tches. The sample to be
measured is placed on the platform by the r@bot
and Lhe platfcnn 1s Men moved alonq a vertlca!
SXIS and simultaneously rctated. Assay height
(exteritof vertical •oalon~ can h determined by
monltc)rlngthe gross count rate. Control llnes
from all platf:nns are broiJghttc,a contrcl panel
WFIICFI dis~l~j”~ Lh SLaLUS Cf all llmlt swltche:
ar15 h~dses the motor contr.:lers. The cofitrGl
panel alsc prcvldes f:r man~al actlvat]cm of anj’
meter, slow or high speed, and Frc\’ides arI
em~rgency shut-dwn Swlt:h, The panel 1s
conr,~-tedt? th= ~ompaq 38t 20 vld an LS-J32C
serial llnk wtllch re-e~’;es cc,mmanclsfrom tt,e
?om~ti~dr,dr~tunls stdl~: Irl?i.nna!.]orl abcw? th~
mectidrli:alsystem,



absorber thickness
from the sample
gamsa-ray spectmm
receipt of setup

and optimum detector distances
prior to acquisition of the
for analysis. It also includes
file specifications from the

master computer (CimRoc 4000 IBH-AT) for the
sample to be assayed. Studies are presently under
way to determine the best way to develop ttle
algorithms. Slncc the prxma~ furvtion of the
cadnuum absorber is to attenuate the lauge 60 keV
Am peak to approximately the same height as the
X-ray peaks in the region, a simple integral
comparison should suffice. Determining the best
dete:tor distance is not guite as ●asy since
different collimation may have to be ●~loyed
depending upon the sample strengti,. Houewr,
since the primary goal is to achieve the maximum
count rate wltiout saturating the detectors or
loszng too ❑uch throughput because of deadtime,~
studies are bexng performed using Ortec 994
Counter Timers to integrate tie gross count rates
in crder to ❑ap out boundar~es based on the
maximum source 6trengLhs ●chievable. If the
samFle to be measured has less count rate thwJ
that bounda~, then the detector is sxm~ly moved
as close tc tie SaJIIFleas possible; lf not, L.her,
alqcrlthms will have to be developed tc
Incrementally move the detectors, alway-~.compa::n~
with the prescribed bounda~ conditions.

The acqulsltlon phase Includes add~tional
routines to lnltlallze the system, start and stop
the hellcal scarmer (rotating and translating
platfGrm), and prepare for power shutdown. For
●xamFle, the routine CLEANUP Iriltlallzes the
serial port, sets vital motor contrcl parameters,
sends all ●otors to their retracted posltlons
(platform raised, detectors back and wedge out),
~d verlfles these llmlts. This routine 1s called
several time: durlnq the c2urse of a run: after
power Up t: ~ri~tlal]zethe system, after an assa~’
:.0 prepare the unit fcr the next samF]e, md
bef;re power dOWTl, The rwtlrw SK17D3WN lowers
Lhe sam~!e takle fcr power dawr,, Otherwise,
w]thcut Lhe mct:z hcl~ln~ torque, the sally1P
platfom, ww!d lower Itself under Its own we]ght,
possltl} cOl~sln;ldamay cr droprlng a sample, The
routlrle~SPIRAL and STqFSFIIWL Ir,ltlate and ~top
th? sam~le ~;atfcm rcta!:‘,n’tra~l:latlmfor data

acq~:sltlon @n-e SFIWL returns control Lc) the
maIr, prvzr.am, the --?~)r controller acts
autcn~mously U.rltl1 thf TOPSPIRAL routine 1s
called, From prevlr,u..Studl?$’ lt has been
dp!prmlned Lha!, for a one-ha]! Inch Silt W1dth

..~mat*r It.),*?fi+ usei here , r.latl-r,rat~s. af



10 rev./mirA. couple: with translation speeds of
0.33 in./min. give best results. Since data
acquisition time is normally 30 minutes for most
samples, this is sufficient time for one full
vertical translation of a 10 inch high cannister.
Thus, data will be obtained on 30 rotations per
inch of vertical translatlan.

The last phase, ●ffective specific power
(Peff) calculation, has routines to select the
proper isotopics for calculating the ●ffective
speclflc power and lts associated uncertainty.
For ●xample, in the case of an assay of a
heterogeneous salt with a non-zero beta value,s
the ISOCODE software has algorithms to recognize
this and not use the high energy (COAX) americium
value in the Peff calculation.

Finally, in order to help clarify and
integrate the ideas and routines incorporated in
ISOCODE, * present a process flow chart
illustrating the sequential flow throughout the
mystem during a t~ical assay (see figures 4 and
5). ‘Program Self-Inltlallzatlon involves a call
to the CLEANUP routine. This also sets up
comnunlcatlons between the various components. In
the “’Idle”’❑ode the Compaq 1s wa~ting for either a
‘stan” command from the CIMROC Central Computer
or assumptiorlof keyboard contrcl by the operator.
After receiving a sample and “start- command, the
Compaq makes a call to the SPIRAL routine and
perfoms the positioning sequence detailed in
figure 5. Next, the Compaq Instructs the sample
platfom motcr controller to start translating by
aaklng another call to SPIRAL (rotation is already
=curring from the positioning sequence). After
Lhe Canberra MCA times out (preset time attained),
Lhe data are sent to the Compaq and t;le analysis
is p~rf~nned. A call tG the CLEANUP routine is
:hen made and the Clnt!ocIBM-AT Central Computer
LS queried. If the ClmRcJc respcnds, the Compaq
~111 print and transm~t the analysls results to
:he C?.mR:Icfor archlvlng and operatcr vlewlng. If
he ClmRoc dae~ not respond, the Compaq WI]] query
IF t; a Lctal of flvc txmes before automatically
!nter;ngthe keyboard mode. Keyboard control
~llows the operator to fulflll the role of the
:lMRG: by ~laclng~remo”;lng samples,
mterlng ‘relrlei’lng data Vla floppy dlskr,
;tartlngendlng assays whl]e malntalnlng the
Iutomatlori aff:rded by tht Compaq,

OKUJSIONS



In recent years, with the advent of ●xpert
systems employing artificial intelligence and the
integration with robotics, it has become possibie
to automate many repetitive, boring processes. In
particular, the vev recent development of
TRIFID/EFICS by RFP Pr~J~e12 has made it
feasible to automate the ve~ important assay
procedure of calorimetn and gamma-ray isotopics.
The advantages, from a practical standpoint, are
Mat cperators receive less radiation ●xposure,
throughput is increased by about a factor of
three, and safeguards is enhanced. FurXher, the
operators’ time can b-e better spent in more
productive activities that require ❑ore thinking.
From a different perspective, perhaps more
speculative, one of the important accomplishments
of this trailblazing endeavor is that it has set
the stage for further development in this arena.
For ●xam~le, plans are already underway to
automate the L4N’L PF-4 MZGAS (Multiple Energy
@nma &say ~ystem) operation” in which repetitive
measurements of low-level nuclear waste boxes are
made. One can raise the question of just how far
“Ais concept can be pushed. It seems to us not
inconceivable that eventually all packaging,
unpackaging, and measuring of nuclear materials
vlil be robct::ed.

The authors gratefully acknowledge the
support and ●ffort put forth by the followlng LANL
personnel: W.A, Stone for providing much of the
design ●ngiileering and fabrication, N.L. Scheer
and P.F. Phelan for supplying the data base and
associated interfacing, R. Hills for much of the
prelimina~ design and software development on the
samplE and detect~i platfcnns, and finally D.N.
Schneider and W,D. Pow&ll for the leadership and
motlvaclon whlctikeFt Lhe prcject moving.
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TABM 1

Archive InfonnatlorlSent to Master
from TR.TFIDIsotopic System

ZL!2!I! # ASCI Ich-o Uawk

Pu-238 (% total Pu)
Pu-239 (2 total Pu)
Pu-240 (% total Pu)
Pu-241 {$ total Pu)
Pu-242 (% total Pu)

Am-241 (t total pu)
U-235 (t total Pu!
Np-237 (% total PU)
~-243 (% total pu)

Uncer, Pu-238 (%)
Uncer, Pu-239 (%)
Uncero Pu-240 (%)
Uncer, Pu-241 (%)
Uncer. Pu-242 (%)
Uncer, P.W-~41($)
Uncer. U-235 (%)
Unce.. HP-237 (%)
Uncer. Am-243 (1)
Eff. Specific Power
Uncer, Eff, Sp, Power(t)
Collection Date
Collection Time
LSTAT Number
Instmment ID
Live Time
Txue Time
Beta Value
Beta Uncer. (%)
LEPS Anal. File
COAXAnal, File
Absorber ?0s.
Codnt Rate

Total Characters~

8
8
8
8
8
8
8
8
8
6
6
6
6
6
6
6
6
6
9
5
8
8
1
2
5
5
7
6
4
4
1
5
..-

196

0.00!36
93.7634
5.9559
0.2491
0.0220
0.0826
5.9971
13.2231
1.3327
e,71
0.16
2.48
0,41
12.46
2,54
11.68
1.23

33 39
0.0023879

0.38
12/ 2/88
15!47!03

2
01

.3600
3783

0.0259
11,29
plut
hnrg

3
53000

9

● Will requ~re two data message segments
to transmit



TABIE 2

The followlng types of messages are deflr.cc?:

Message Tag Descrlptlon

7 Retransmlsslon of the message Just
rece~ved 1s requested, the message
content is ●mpty.

A Transmlsslon of the message or seg-
ment lust received 1s acknowledged;
message content 1s ●mpty. A reque:t
message 1s acknowledged by transml.-
tlng the requested data. The ‘A”
message 1s not sent in this case.

Message 1s a request; the message
content 1s a two-character code indi-
cating the type of request,

D This IS the last or only segment of a
data message; the message content 1s
the type of data and the data Itself.

a, 1, ,.,9 This ~s a segment other than the last
of a segmented data message; the
messaqe content IS the type of data
and tl~e data itself, The first seg-
ment has the message taq 0, the
second 1, ●tc. If there are further
segments after 9, the tags recycle
from 0. The last segment has message
tag D.

‘he first two characters of the content in a data
@s6age are a code that designates the type of
ata In the message. Some examples are ST for
tart assay, M for assay results, ER for error,
P for stop assay, NA for NW. II)ot acknowledged,
A for stand-alone, ~.e,, returl,keyboard control
n ~~mpaq t~ operat:r, ●tc. If the message Is
cgment,ed, the conterl: of each segment starts w~t)I
he ddt,a type characters.



TAaL& 3

st~~ t f4essa9& Seauenc~

22 23-25 26-27 28 - 7’?
---- +,.- -+ +----- +. -...+ .-- ...-+ ● ----

. . . II DII ST; Is: lData; It . . .
. ..-++.- -+ +----- +. --..+ ------- +* ----

LXWA~ <------< RCEbCIT

-- .-++.- -+ *----

,., IIA II . . .
-. .-++.- -+ +----

c@@AQ ~------z ROBOT’

Start Message content~

nme Length De-criptlon

-------- ------ -------- -------- -------- ------- ..

1

.W

9.

3

Setupflle 11

c~m~~t se

This ~dentlfles uhlch o! the two
possible q-- lSOLOpl C Eystems
1* to be s-rted.

Th~s 1s tie lot Identlfler sup-
plled by the operator for the
S~Fj~ ~:ii?fi lt 15 ●ntered lntO

the robot system.
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r~~. I. View u! Ui? ROROCAL work envelope as seen
looking toward the XARIXX Stacker-Retriever, A
large 7-inch calorlineter with a sliqhtly protuding
●aple can is visible lust In front of the KARDEX.
The robot ●m lS located above and to the right of
tie calorimeter, One of the Ilght cu;tain un~ts
18 just visible in the far-left foreground; in
Che far-riqht foreground part of the back of the
contrcl rack fct the calorlmet?rs carI be seen.





Fig, 2. View of the gamma Isotopics station at
the end of tie ROBOCAL work ●nvelope (looking away

from the s:acker-retriever). The LEPS detector,
with ~ts sh~eldlng not yet n place, can be seen
resting on Its horizontally movable platform.
Just in front lS the rotatxng and translating
platform holdlng a sample can for measurement. In
the background on We left 1s a rack containing
the motor controllers and isotoplcs ●lectronics;
on the top right 1s the Canberra Series 95 MCA and
just underneath IS the Compaq 386/20. Thxs entxre
system is discussed fully in the text of the
papers





Fig. 3. A schematic sketch of the gamma lsctoplcs
system showing the varlaus possible movements of.!
the detectox:, samFle, and cadtum stepped we+ge as
well as ttielr interconnections. Not shown ~s the
co~ectlorl fr~~lthe Compaq to tie cl~CJC 4~?

Central Computer (IBM-AT).
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Fig. 4, Process flow chart.
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F19. 5. Detail of pasltioning sequence indicated
in proress flow chart,
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